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© Fluid treatment 



© A carbonation method and apparatus is de- 
scribed in which carbonation is achieved by forcing 
carbon dioxide in gaseous form from an atmosphere 
thereof downwardly into a body of water to be car- 
bonated. This may be achieved by a vaned rotor (3) 
rotatable about a horizontal axis or other means. The 
carbon dioxide atmosphere is preferably maintained 
at a pressure of about 100 psig (6.8 bars). The 
degree of carbonation may be varied by varying the 
time for which the carbonation operation is carried 
on. A flavour concentrate supply means, containing 
various flavours (46,48,50), is pressurised for the 
supply of the concentrate utilizing what would other- 
wise by waste carbon dioxide gas from the car- 
bonation chamber after completion of the carbona- 
Jljtion operation. 
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FLUID TREATMENT 



This invention relates to fluid treatment More 
particularly, the invention concerns apparatus and 
method for carbonating water and/or for dispensing 
flavoured drinks, especially carbonated drinks. 



Carbonation 

Known methods of carbonating water fall into 
two groups. In one group, the carbon dioxide gas is 
injected into the water to be carbonated at a low 
level so that it forms bubbtes which float up 
through the water to the surface so that carbon 
dioxide. in the bubbles becomes absorbed In the 
water. This method has been widely used. For 
example, it is common practice to utilize this meth- 
od in relatively small carbonating apparatus for 
home use and operable for dispensing carbonated 
water in quantities sufficient to form one drink. 
Examples of apparatus utilzing the injection method 
of carbonation can be seen in UK patent specifica- 
tion No.41 2,849 (Schwendimann) and US patent 
No.2,826,401 (Peters). Both Schwendimann and 
Peters provide injectors which are rotatable and 
which have laterally directed members at their bot- 
tom end to assist in the mixing of the carbon 
dioxide gas with the water. The main problem with 
the injection method of carbonation is that it is only 
effective if relatively high pressures are used so 
that, during carbonation, the carbonation chamber 
is pressurized to a relatively high level. Typically, 
for example, pressures of 170 psig (11.6 bars) may 
be involved. 

The second group of known methods for 
achieving carbonation involves spraying or atomiz- 
ing the water in an atmosphere of carbon dioxide 
gas. In these methods, a carbonation chamber may 
be prefilled with carbon dioxide gas and the water 
introduced into the chamber by spraying. Alter- 
natively, or in addition, when the carbonation cham- 
ber has been partly filled with water, the water may 
be drawn upwardly and sprayed into the carbon 
dioxide atmosphere above the water level in the 
chamber. In this method, carbon dioxide is dis- 
solved into the water droplets in the spray and the 
droplets carry the carbon dioxide in dissolved form 
into the body of the water to effect carbonation. 
Typical proposals for achieving carbonation by this 
method are disclosed in US patent No.2,306.714 
(Rowell) and US patent No.2,391,003 (Bowman). A 
major problem with these methods also is that they 
require the carbonation chamber to be pressurized 
to a relatively high level similar to that mentioned 
above. Also these methods are slow, so that a long 
time is required to achieve an adequate degree of 



carbonation. 

One of the objects of the present invention, 
therefore, is to provide an improved method and 
apparatus for carbonation. 

5 According to one aspect of the present inven- 
tion, a carbonation method is provided In which a 
carbonation chamber is partly filled with water and 
an atmosphere comprising carbon dioxide is pro- 
vided above the level of water in the chamber, the 

to method comprising continuously or repeatedly 
drawing or forcing gas from said atmosphere down 
into the water. 

In another aspect, the invention provides car- 
bonation apparatus comprising a carbonation 

is chamber adapted to be partially filled with water 
and to contain an atmosphere comprising carbon 
dioxide above the level of water in the chamber, 
and means for continuously or repeatedly drawing 
or forcing gas from said atmosphere down into said 

20 water. 

In a further aspect the invention provides car- 
bonation apparatus comprising a carbonation 
chamber adapted to be partially filled with water 
and to contain an atmosphere including carbon 

2s dioxide in the space above said water, and a mov- 
able member, preferable a rotatable member, 
which in operation moves repeatedly between said 
atmosphere and said water so as to cause gas 
from said atmosphere to be moved downwardly 

30 into said water. 

According to a further aspect, the present in- 
vention provides carbonation apparatus comprising 
a carbonation chamber adapted to be partially filled 
with water and to contain an atmosphere including 

35 carbon dioxide gas in a space above the water, and 
a member which is rotatable about a non-vertical 
axis and has a plurality of vanes. Preferably, the 
axis of rotation is horizontal. 

It has been found that carbonation may be 

40 achieved in accordance with the preferred aspects 
of the invention as defined above without the need 
for high pressures. Typically, pressures of around 
100 psig (6.8 bars) are adequate but lower pres- 
sures, for example down to 60 psig (4.1 bars) may 

« be used. The invention is particularly applicable to 
apparatus for use in the home in which the capac- 
ity of the chamber is such that the quantity of water 
carbonated in each carbonation operation is suffi- 
cient for one drink. 

so Applicants acknowledge US patent 
No.3,044,878 (Knedlik) which discloses an appara- 
tus for producing semi-frozen beverages. The ap- 
paratus illustrated in the drawings of the patent 
comprises a cylindrical chamber arranged with its 
axis horizontal. Water which has been pre-mlxed 
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with flavouring concentrate and carbon dioxide is 
introduced into the chamber so as to substantially 
fill it and the liquid in the chamber is maintained at 
a temperature which is below Its freezing point To 
prevent formation of ice particles, a vansd rotor is 
provided in the chamber with its axis horizontal. 
The rotor extends from end to end of the chamber 
and the vanes extend to positions close to the 
internal cylindrical walls of the chamber so as to 
stop the formation of ice particles on those walls. 
The rotor is driven to provide vigorous and continu- 
ous agitation. Since the liquid substantially fills the 
chamber and since the rotor extends substantially 
from end to end and to positions close to the 
peripheral wall of the chamber, the liquid in the 
chamber will be swept around, and in contact with, 
the cylindrical internal wall of the chamber. Accord- 
ingly, there will be no discemable CO2 atmosphere 
above the water in the chamber and the vanes of 
the rotor will not function to force CO2 from an 
atmosphere thereof down into the water as in a 
preferred form of the present invention. Further, in 
Knedlik the rotor is driven continuously both when 
the apparatus is in the "idling" state and when 
beverage is being discharged, at which time the 
liquid in the chamber is simultaneously replenished 
to keep the chamber full. In the preferred form of 
the present invention, the carbonation process is 
stopped prior to discharge of the carbonated liquid, 
the chamber being emptied at this point, because 
agitation of the liquid as it is leaving the chamber 
would tend to cause de-carbonation. The Knedlik 
apparatus is intended for commercial use in which 
continuously available beverage is provided and is 
not suitable for home use in view of its complexity 
and high cost. Applicants also acknowledge that 
Knedlik states that COa and water might be intro- 
duced via separate conduits into his chamber but 
even with this modification the function of the rotor 
in Knedlik will not be changed and there will be no 
discemable CO2 atmosphere above the water level. 



Dispensing 

Normally, carbonated drinks are mixed with a 
flavoured concentrate (syrup). Desirably, therefore 
carbonation apparatus, in addition to being pro- 
vided with means for carbonating water, should 
also be provided with means for dispensing a se- 
lected concentrate and mixing that concentrate with 
the carbonated water. A known method of dispens- 
ing the concentrate involves supplying the vessel 
containing the concentrate with carbon dioxide un- 
der pressure from the carbon dioxide supply tank 
so that a required quantity of concentrate is forced 
out of the container to a dispensing nozzle from 
which it may be discharged into a glass for mixing 



with the carbonated water. The above mentioned 
US patent No.2,391,003 (Bowman) illustrates this 
method. The disadvantage of the method is that 
carbon dioxide is wasted. 
5 In another aspect, the invention is concerned 

with an improved method of dispensing concen- - 
trate. 

According to a further preferred aspect of the 
present invention, carbonation apparatus comprises 

10 a carbonation chamber for receiving water and 
carbon dioxide gas and concentrate dispensing 
means which utilizes gas from the carbonation 
chamber, after a carbonation operation, for causing 
a movement of said concentrate to enable said 

75 concentrate to be dispensed. Preferably, said con- 
centrate is moved directly from a concentrate con- 
tainer to a discharge nozzle under said pressure of 
gas from said carbonation chamber. 

In another preferred aspect, the invention pro- 

20 vldes a carbonation method and apparatus in 
which, to achieve carbonation, a carbonation cham- 
ber is pressurized and in which the pressure in 
said carbonation chamber is utilized to cause 
movement of concentrate towards a dispensing 

25 nozzle. In a preferred form, the upper part of the 
carbonation chamber is connected to an upper part 
of a concentrate container through a valve so that 
upon opening of the valve, the concentrate con- 
tainer becomes pressurized. 

30 In this way, concentrate may be dispensed 
without wasting fresh carbon dioxide i.e. carbon 
dioxide direct from the carbon dioxide tank. 

Applicants acknowledge US patent 
No.3.809,292 (Booth) which discloses a commercial 

35 carbonation apparatus in which a supply of car- 
bonated beverage is continuously available. Water 
is carbonated in a carbonation chamber by the 
injection method as previously described. The wa- 
ter partly fills the chamber and the chamber is 

10 maintained at a high pressure. Pressure from the 
chamber is supplied to concentrate containers for 
pressurizing them for discharging the concentrate. 
However, in this disclosure, the carbonation cham- 
ber is not depressurized at the end of a car- 

45 Donation operation- and thus this patent fails to 
disclose the concept of using otherwise waste CO2 
for pressurizing the concentrate containers. 



Preferably, carbonation apparatus should in- 
clude a number of concentrate containers for con- 
taining respectively concentrates of different fla- 
55 vours. In prior proposed apparatus the containers 
are connected to outlet orifices for the discharge of 
the. concentrate via electro-magnetJcally operated 
valves. Selection is made by actuating the appro- 
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priate valve. Such arrangements are relatively ex- 
pensive. 

According to a further preferred aspect of the 
present invention, a concentrate selector arrange- 
ment comprises a number of valves, a manually 
movable member for effecting selection, and me- 
chanical means for actuating the valve according to 
the position of the selector member. 

In a preferred form, the selector member or a 
part thereof, is utilized to transmit movement from 
an actuating member to the selected valve. The 
actuating member may be so arranged that when a 
glass is positioned to receive carbonated water and 
concentrate, the actuator member is operated to 
cause dispensing. 

In a preferred form, a carbonated drink dis- 
pensing device comprises an actuating member 
which upon movement opens both a first valve for 
the discharge of carbonated water and a selected 
one of a plurality of further valves for the discharge 
of a selected concentrate, a movable selector 
member being provided for selecting the further 
valve to be opened. In a preferred form, the selec- 
tor member is attached to a part of the first valve 
so that the first valve and the selected further valve 
are opened at approximately the same time. 



Concentrate Control ' - 

Concentrates of different flavour generally have 
different viscosities and accordingly there is need 
to control the quantity of concentrate dispensed. 
The present invention provides, in a further pre- 
ferred aspect, a carbonation apparatus capable of 
dispensing selectively different ones of a plurality 
of concentrates, the means for dispensing the con- 
centrates including different conduits for transport- 
ing the concentrates from respective concentrate 
containers to a discharge point, at least one of said 
conduits having a bore of different cross-sectional 
area to the other or at least one of the others to 
compensate for differences in viscosity between 
the concentrates. With this arrangement, it is possi- 
ble to utilize the same pressure for discharging 
each of the concentrates whilst metering the 
amount of concentrate dispensed. 

The invention is described further by way of 
the accompanying drawings in which: 

Fig. 1 is a diagram showing apparatus ac- 
cording to a preferred embodiment of the present 
invention; 

Fig. 2 is a view in the direction of the arrow 
A of Fig. 1 showing a part of the apparatus; 

Fig. 3 is a diagram showing how carbonation 
is achieved in the apparatus of Figs. 1 and 2; 



Fig. 4 is a sectional view showing part of a 
valve unit included in the apparatus of Fig. 1, and 
shows the valve unit in its closed position; 

Fig. S is a view similar to Fig. 4 but showing 
5 the valve unit in its open position; 

Fig. 6 is a plan view showing part of the 
valve unit of Figs. 4 and 5; 

Fig. 7 is a plan view similar to Fig. 6, but 
showing a concentrate selector element in a dif- 
ro ferent position; 

Fig. 8 is a block diagram illustrating a con- 
troller unit included in the apparatus of Bg.1 ; 

Fig. 9 is a timing chart showing the timing of 
various operations performed under control of the 
)5 controller unit of Fig. 8; 

Fig. 10 is a flow chart illustrating in outline a 
programme followed by the controller unit of Fig. 8; 

Fig. 1 1 .is a view similar to Fig. 2 showing a 
modification to the apparatus of Fig.1 ; 
20 Fig. 1 2 is a view on the arrow B of Fig. 1 1 ; 

Fig. 13 shows a further modification to the 
apparatus of Fig. 1; 

Fig. 14 illustrates yet a further modification; 

Fig. 15 is a diagram of a carbonation appara- 
25 tus according to a further embodiment of the 
present invention; 

Fig. 16 is a diagrammatic section through a 
carbonation chamber included in the apparatus of 
Fig. 15; 

30 Fig. 17 is a perspective view of a rotor 

included in the apparatus of Figs. 15 and 16; 

Figs. 18 to 21 show a water inlet valve for 
the carbonation' chamber of Fig. 16, in four posi- 
tions; 

35 Rg. 22 shows a section through a carbon 

dioxide control valve arrangement mounted on a 

carbon dioxide supply bottle; 

Fig. 23 is a diagrammatic plan view of a 

valve arrangement for selecting concentrate and for 
40 discharging carbonated water from the carbonation 

chamber; 

Figs. 24 and 25 are sections on the line A-A 
of Fig. 23 and show the valve arrangement in 
closed and opened positions respectively: 

<5 Fig. 26 is a block diagram of the circuitry 

included in the apparatus of Rg. 15; and 

Fig. 27 is a timing diagram illustrating opera- 
tion of the apparatus of Figs. 15 to 26. 

With reference to Fig. 1, the carbonation ap- 

50 paratus comprises a carbonation chamber 10, a 
water supply tank 12, a carbon dioxide supply tank 
14 and concentrate supply arrangement 16. A valve 
unit IB is disposed on the bottom of the chamber 
10 for dispensing both carbonated water from the 

55 chamber 10 and a selected concentrate from the 
arrangement 16 into a glass 20. 
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Carbonation 

Water is supplied from the tank 12 to the 
chamber 10 through a valve V 2 controlled by a 
solenoid S2, a conduit 22 and a ball valve 24 
located inside the chamber 10. A vent 26 con- 
nected to the interior of the chamber 10 by means 
of a pipe 28 permits air in the chamber 10 to be 
vented to atmosphere while the chamber 10 is 
being filled with water. The pipe 28 projects down 
into the chamber 10 a distance which is such that 
its lower end is imersed in the water when the 
chamber 10 has been filled with water to the re- 
quired level indicated by W. 

Carbon dioxide is supplied from container 14 
through valve V1 , controlled by a solenoid Si , and 
a conduit 30 fading into the chamber 10 at the 
top. 

A ball 29 located in the vent 26 is arranged to 
close the vent if water is forced up the pipe 28 due 
to pressurization of the chamber. For this purpose, 
the ball is movable upwardly into sealing engage- 
ment with a valve seat 31 at the top of the vent. 
The ball 29 is also arranged so that it closes the 
vent in response to increasing gas pressure in the 
chamber 10, if carbon dioxide is introduced into the 
chamber 10 with the water level below the lower 
end of the pipe 28 so that carbonation may be 
achieved in these circumstances. 

A paddle 32 is mounted inside the chamber 10 
for rotation about a horizontal axis, being carried on 
the shaft 34 of a motor 36 which is mounted on the 
outside of the chamber 10. The shaft 34 may 
project through an opening (not shown) in the wall 
of the chamber 10 with an appropriate seal being 
provided. Alternatively, the shaft 34 could be con- 
nected to the motor 36 by a magnetic coupling. 

The paddle 32 comprises three pairs of vanes 
38a, 38b; 40a, 40b and 42a. 42b. The two vanes of 
each pair (e.g. 38a and 38b) are mounted directly 
opposite each other on the shaft 34. The vanes 40a 
and 40b are mounted on the shaft 34 to one side of 
the vanes 38a and 38b and at a different angle 
relative thereto; and the vanes 42a and 42b are 
mounted on the shaft 34 at the other side of the 
vanes 38a and 38b and again at a different angle to 
the other vanes, these; angles are such that the six 
vanes are equi-angularly spaced around the shaft 
34. The anglar position of the shaft 34 shown in 
Figs. 1 and. 2 is such that the vanes 38a and 38b 
are vertical and, as can be seen from these figures, 
the vane 38a projects above the water level W 
almost to the top of the chamber 10 whereas the 
vane 38b projects almost to the bottom of the 
chamber 10 in this position. In Fig. 2, L indicates 
the length of the portion of each vane which pro- 
jects above the water level W when the vane is in 
its uppermost position with the paddle stationary 



and the apparatus horizontal and D indicates the 
diameter of the circle swept by the tip of each vane 
as the paddle rotates. L should be at least 5% of 0 
and preferably greater than 12% of D. It is particu- 

5 larly preferred that L should be from 12% to 15% 
of D for achieving optimum carbonation. As the 
paddle 32 rotates, the vanes move from within the 
water, into the space above the water level, and 
back into the water. 

10 In operation, the chamber 10 is partially filled 

with water up to the level W. Thereafter, carbon 
dioxide is admitted to the space above the level of 
water in the chamber 10 by opening the valve Vi. 
A pressure switch 44 senses the gas pressure in 

is the chamber 10. When this reaches the required 
level preferably in the range 60 to 140 psig (9.6 
bars), for example 100 psig (6.8 bar), the solenoid 
is actuated to close the valve Vi . The ball valve 24 
prevents water being forced back up the conduit 22 

20 due to the pressure in the chamber 10. After the 
pressure has reached the required value, the motor 
36 is energized to cause the paddle 32 to rotate. 
Typically, this rotation may be at a speed from 500 
to 2000 rpm, preferably within the range 1000 to 

25 1500 rpm. This rotation is continued for several 
seconds, for example 5 seconds, during which car- 
bonation of the water takes place. The degree of 
carbonation may be varied by varying the time for 
which the paddle is driven and/or by varying the 

30 pressure of the atmosphere containing carbon diox- 
ide in the space in the chamber 10 above the water 
level. 

The action of the paddle is to force the gas in 
the space above the water level down into the 

35 water. As much gas as possible should be forced 
into the water and it should be carried to a level 
which is as deep as possible. To achieve these 
purposes, the vanes are dimensioned, as dis- 
cussed above, such that they reach nearly to the 

40 top and nearly to the bottom of the chamber 10. 
Also, therefore, the paddle acts to shift water from 
the bottom portion of the chamber 10 to a higher 
level so that water at all levels may be uniformly 
carbonated. Further, the paddle creates intense 

45 agitation of the water causing it to be splashed up 
into the atmosphere of carbon dioxide thereby to 
assist with carbonation and thereby also achieving 
uniform carbonation. As can be seen in Fig. 3. 
each vane, in addition to forcing carbon dioxide in 

so gaseous form in front of it into the water, creates a 
vortex behind it which draws carbon dioxide in 
gaseous form in and causes the gas to be carried 
down into the water. Fig. 3 shows the fluid flow 
lines created by the vane as it moves. It can be 

55 seen from Fig. 1. that the paddle 32 is located to 
one side of the chamber 10. which is preferably of 
circular cross-section as seen in plan view. With 
this arrangement, the water in the chamber 10 is 
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also caused to rotate around the chamber 10 so 
that, as the paddle is driven, different portions of 
the body of water in the chamber 10 move past the 
paddle to be subjected to the carbonation action. 

As carbonation progresses, gas from the space 
above the water level in the chamber 10 is ab- 
sorbed by the water so that the gas pressure 
reduces. This is sensed by the pressure switch 44 
and, when the pressure drops below a certain level, 
say a drop of 5 psig (0.3 bars), the valve Vi is 
again opened to admit more carbon dioxide to the 
chamber 10. 



Concentrate Dispensing 

The concentrate dispensing arrangement 16 
comprises three containers 46, 48 and 50 contain- 
ing concentrates of different flavours. Dip tubes 52. 
54 and 56 extend into the respective containers 46, 
48 and 50 almost to the bottom and are connected 
via respective conduits 58, 60 and 62 to the valve 
unit 18 for supplying concentrate from the contain- 
ers to the valve unit. The upper part of each of the 
containers 46, 48 and 50 is connected by a conduit 
arrangement 64 to the upper part of the chamber 
10. A valve V 3 is located in the conduit arrange- 
ment 64 and is controlled by the solenoid S 2 . After 
completion of the carbonation operation in the 
chamber 10, the valve Vj is opened to permit the 
upper parts of the containers 46, 48 and 50 to be 
pressurized utilizing the gas in the upper part of 
the chamber 10. A pressure relief valve 66 con- 
nected to the conduit arrangement 64 limits the 
pressurization of the containers 46, 48 and 50 to a 
predetermined value, say 2 psig (0.1 bars). Thus, 
each of the containers 46, 48 and 50 is pressurized 
to the same value and this pressurization exerts a 
force on the concentrate in the containers which is 
sufficient to dispense each concentrate from its 
respective container. Since concentrates have dif- 
ferent viscosities, the bore of the dip tubes 55, 54 
and 56 and/or that of the conduits 58, 60, 62 is 
selected to ensure that the required amount of 
concentrate will be dispensed. Merely by way of 
example, if Coca Cola is to be dispensed, the bore 
of the dip tube and connecting conduit may be 6 
mm, if lemonade is to be dispensed it may be 
3mm, if tonic is to be dispensed it may be 3mm 
also. 

Carbonated Water Discharge and Concentrate Se- 
lection 

The valve unit 18, the details of which are 
illustrated in Figs. 4 to 7, provides three functions. 
First, it relieves the pressure in the carbonation 



chamber 10. Second, it permits selection of which 
of the concentrates from the containers 46, 48 and 
50 is to be dispensed and it dispenses the selected 
concentrate. Third, it dispenses carbonated water 

5 from the chamber 10. 

For relieving the pressure in the carbonation 
chamber 10, the valve unit 18 comprises an ex- 
haust valve 68 which is connected to' the upper 
part of the chamber 1 0 by a conduit 70 and part of 

to the conduit 30. The exhaust valve 68 includes a 
vertically movable valve member 68a which is 
spring urged to its upper, closed position. An ac- 
tuating lever 72 has one end 72a pivotally con- 
nected to the valve member 68a for pushing the 

is valve member 68a downwards to open the valve 68 
thereby permitting gas in the upper part of the 
chamber 10 to be exhausted to atmosphere 
through the conduits 30 and 70 and the valve 68. 
The actuating lever 72 comprises an upper arm 

20 72b and a downwardly directed arm 72c. The lever 
72 is attached by a pivot 72d, intermediate the 
ends of the upper arm 72b, to allow hollow cylin- 
drical sleeve 74 which is mounted for vertical slid- 
ing movement in an aperture in the base 10a of the 

25 chamber 10. The sleeve 74 forms a valve for 
permitting discharge of carbonated water'f'rom the 
chamber 10 and for this purpose has got lateral 
openings 74a near its upper end and a head 74b 
which carries a seal 76 which engages the inside 

30 surface of the bottom wall 10a of the chamber 10 
when the sleeve 74 is in its lower position so that 
at this time water cannot escape from the chamber 
10. 

At completion of carbonation, the chamber 10 

35 is pressurized so that the valve head 76 is pressed 
firmly against the inside surface of the bottom wall 
10a of the chamber 10. Consequently, if the down- 
wardly directed arm 72c of the lever 72 is moved 
to the left as shown by the arrow X in Fig. 4, the 

40 lever 72 rotates about the pivot 72d. the sleeve 74 
remaining stationary, so that the valve 68 is 
opened, thus relieving the pressure in the chamber 
10. Continued movement of the arm 72c in the 
direction of arrow X in Fig. 4 will cause the lever to 

4S pivot about its end 72a, so that the sleeve 74 slides 
upwardly to the position shown in Fig. 5, in which 
position the sleeve valve 74 is opened to permit 
carbonated water to be discharged from the cham- 
ber 10. The actuating member 72 is designed so 

so that its lower arm 72c is arranged to be engaged 
by the glass 20 when placed, in position so that as 
the glass 20 is moved to the left relative to the 
valve unit as seen in Figs. 4 and 5, first of all the 
valve 68 is opened, the sleeve 74 being held 

55 stationary by the pressure in the chamber 10, and 
thereafter, when the pressure in the chamber 10 
has been relieved, the sleeve 74 moves upwardly 
to discharge carbonated water through the opening 
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74a and the sleeve 74 into the glass 20. 

The valve unit 18 includes three concentrate 
dispensing valves 78, 80 and 82 connected respec- 
tively to the conduits 58, 50 and 62. The valves 78. 
80 and 82, are of essentially identical construction. 
As seen in Figs. 4 and 5, the valve 80 comprises a 
vertically movable valve member 84 urged down- 
wardly by a spring 86 to the closed position (Fig. 
4). A concentrate selector bar 88 is secured to the 
lower end of the sleeve 74 which is rotatable about 
its axis (which is vertical). One end of the sleeve 88 
carries a nob or finger grip 90 for effecting this 
rotation so as to position the opposite end 92 
beneath a selected one of the valves 78, 80 or 82. 
Fig. 6 shows the end 92 of the bar 88 beneath the 
valve 80 and Fig. 7 shows it beneath the valve 82. 
Thus, when the sleeve 74 is raised by actuation of 
the lever 72 so as to discharge carbonated water 
into the glass 20, the selected one of the valves 78, 
80 and 82 is engaged by the end 92 of the bar 88 
so as to open the valve by virtue of its valve 
member 84 being raised. The construction of the 
valve member 84 is similar to that of sleeve 74 i.e. 
it is hollow and is provided with lateral apertures so 
that the selected concentrate is discharged through 
the selected valve member 84 and through an 
aperture 94 in the bar 82 and into the glass 20. As 
indicated above, this discharge of concentrate 
takes place due to the pressure introduced into the 
upper parts of the concentrate containers. 

To avoid possible contamination of one con- 
centrate with another, separate apertures 94 may 
be provided in the bar 88 for the different valves, 
this of course requiring appropriate positioning of 
the apertures and the valves 78, 80 and 82.. Alter- 
natively the aperture 94 could be sufficiently large 
to ensure that concentrate flows through the ap- 
erture 94 without contacting the edges thereof thus 
avoiding contamination: of course in this case 
means must be provided to ensure that the bar 88 
engages the valve member 84 for the purpose of 
opening the associated valve. As a further, alter- 
native, the valve members 84 could have a nozzle 
portion which project down through the apertures 
90 to ensure that the aperture 94 does not become 
contaminated. 



Control and Timing 

With reference to Fig. 8, a microprocessor con- 
trolled controller unit 100 receives power from a 
power supply 102 and has three inputs connected 
respectively to receive signals from a START but- 
ton 104, the pressure switch 44 and a carbonation 
time selector 106. The unit 100 has outputs to the 
solenoids Si and S2, to the motor 36 and to three 
indicators 108, 110 and 112 for respectively in- 



dicating, that the supply of carbon dioxide gas is 
low, that the operator of the machine should wait 
and that carbonation has been completed so that a 
drink may be dispensed. As seen from Figs. 8 and 

5 9, upon pressing the START button 1 04, the WAIT 
indicator 110 is switched on and the solenoid S2 is 
energized to open the valve V2 and permit water to 
flow from the tank 12 into the carbonation chamber 
10. At the same time the valve V 3 opens but this is 

10 of no functional significance at this time. The unit 
100 is arranged to maintain the valve V 2 open for a 
period of 5 seconds, the apparatus being designed 
so that during this time period the rate of flow of 
' water into the chamber 10 is sufficient that at the 

is end of the 5 second period the water is at the 
required level W. The controller 100 then de-en- 
ergizes the solenoid S so as to close the valve V 2 - 
(and also the valve V 3 ). The controller 100 then 
energizes the solenoid Si to open the valve Vi and 

to permit carbon dioxide gas to flow into the space 
above the water in chamber 10. The pressure in 
this space is continuously monitored by pressure 
switch 44 and the controller 100 de-energizes sole- 
noid Si to close valve V t when the pressure 

25 reaches the required level, say 100 psig (6.8 bars). 
Alternatively, if the pressure has not reached this 
level within two seconds, the controller 100 de- 
energizes the solenoid Si to close the valve V, and 
at the same time energizes the LOW GAS indicator 

30 108. The controller 100 then energizes the motor 
36 so as to cause the water in the chamber 10 to 
be carbonated. The time for which the motor 36 is 
energized is determined by the setting of the car- 
bonation selector 10 according to the degree of 

35 carbonation required by the user. As shown in Fig. 
9, the carbonation time may vary from 2 to 5 
seconds. As also shown in Fig. 9 and in Fig. 10, 
during the carbonation operation, the pressure 
switch 44 will from time to time indicate that the 

40 pressure in the upper part of chamber 10 has 
reduced, say by 5 psig (0.3 bars), due to absorp- 
• tion of carbon dioxide in the water. When this 
occurs, the valve Vi is reopened until the pressure 
again reaches the required level, say 100 psi. This 

45 opening and closing of the valve Vi in response to 
the pressure switch 44 going off and on may occur 
several times during the carbonation time. 

At the completion of the selected carbonation 
time, solenoid S2 is again energized, this time to 

50 open the valve V 3 (although the valve V 2 also 
opens but without any effect) so that the con- 
centrate containers 46. 48 and 50 are pressurized 
utilizing the gas pressure in the chamber 10. The 
valve V 3 is held open for 2 seconds and is then 

55 closed. Thereafter, the controller energizes the 
READY indicator 112 so that the user may now 
dispense a drink via the valve unit 18 as previously 
described. 
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As will be understood, the quantity of water 
contained in the chamber 10 is preferably that 
appropriate for a single drink. By way of example, 
therefore, the total capacity of the chamber 10 may 
be 9* fluid ounces (1 .27 litres) and the apparatus 
may be arranged so that 5/6 of this capacity is 
filled with water (i.e to the level W) and 1/6 of the 
capacity is left for containing gas. In this way, 
about 8 fluid ounces of carbonated water will be 
made and dispensed each time the machine is 
operated. It is possible to vary from these figures. 



Modifications 

Figs. 11 and 12 show a modified form of pad- 
dle. In this modification, two pairs of vanes 120a, 
120b and 122a and 122b are provided. Each of the 
vanes is, as shown in Fig. 11, curved forwardly in 
the direction of rotation to assist in ensuring that 
the gas is efficiently driven down into the water. As 
seen from Fig.12, the pair of vanes 120a and 120b 
is positioned to one side of the pair of vanes 122a 
and 122b. 

In the modification of Fig. 13, a belt 124 which 
is mounted on wheels 126 carries cups 128 so that 
when the belt Is driven by driving one of the 
wheels 126, the cups 128 collect gas when above 
the level W and carry that gas down into the water 
for achieving carbonation. 

In the modification of Fig. 14, a reciprocating 
inverted cup member 1 30 is provided. This is mov- 
able from the full line position above the water level 
W to the broken line position near to the bottom of 
the chamber 10 so as to carry gas down into the 
water for carbonation purposes, when the member 
130 is reciprocated vertically. 

Various other modifications are possible within 
the scope of the invention. For example, the car- 
bonation method described may be utilized in a 
variety of different forms of the apparatus indepen- 
dently of the concentrate dispensing arrangement 
and the particular valve unit 18 which have been 
illustrated. Also, the concentrate dispensing ar- 
rangement illustrated may be used with other forms 
of carbonation apparatus and other forms of selec- 
tor valve means, the selector valve means illus- 
trated may also be used with other forms of car- 
bonation apparatus and other arrangements for 
supplying concentrate. 

As examples of further modifications, it is pos- 
sible to vary the timing of the operations. For 
example, it is possible to arrange that the motor 36 
be energized before the pressure in the chamber 
10 has reached the level set by the pressure 
switch 44. With this modification, carbonation may 
begin as soon as the admission of carbon dioxide 
to the chamber 10 starts. 



As a further modification, means other than that 
illustrated in Figs. 4 and 5 may be provided for 
relieving the pressure in the chamber 10 before 
discharging carbonated water; or the apparatus 

5 may be constructed so that discharge of the car- 
bonated water takes place under pressure. 

Further, adjustable means, such as valves, may 
be provided in conduits 58, 60, 62 lor controlling or 
varying the amount of concentrate supplied instead 

10 of providing the conduits with different bores as 
described. 



Further Embodiment 

15 

The carbonation apparatus shown in Fig. 16 
comprises a carbonation chamber 200 which is 
connected to a water reservoir 202 at 204. A car- 
bon dioxide bottle 206 is connected to the chamber 

20 200 through a valve arrangement 208 and a gas 
supply pipe 210. A valve 212 is mounted at the 
bottom of the chamber 200 for discharging car- 
bonated water and a selected concentrate from any 
one of the concentrate bottles 214, 21 S and 218 

25 which are connected to the valve 212 via con- 
centrate supply lines 220. The concentrate bottles 
214, 216 and 218 may be pressurised by carbon 
dioxide from the chamber 200, following a car- 
bonation operation. For this purpose, the bottles 

30 214, 216 and 218 are connected to the chamber 
200 through a gas line 222, the valve arrangement 
208 and the gas line 210. 

The carbonation chamber 200 contains a rotor 
224, which comprises a cylindrical body 226 and 

35 six radial vanes 228. The rotor 224 is mounted for 
rotation about a horizontal axis and functions in the 
same way as the rotor 32 described with reference 
to Figs. 1 and 3 to drive carbon dioxide in gaseous 
form from a carbon dioxide atmosphere above the 

<to water level down into the water to carbonate the 
water. Rotor 224 is supported in a drive shaft 225 
which is driven by a motor 230 mounted outside 
the chamber 200. The chamber 200 also contains a 
valve 232 for controlling the flow of water from the 

45 reservoir 202 into the chamber 200. In Fig. 1 6, the 
valve 232 is shown in the fully closed position 
which it assumes when the chamber 200 has been 
filled with water to the level W and has been 
pressurised, in preparation for a carbonation opera- 

50 tion. with gas from the supply bottle 206. A seal 
233 prevents water leaking along the shaft 225. L 
and D shown in Fig. 16 indicate the same features 
as in Fig. 2 and should have the same relationship. 
The valve 232 comprises a cylindrical sleeve 

55 234 which fits closely within but is movable relative 
to a cylindrical boss 236. a disk shaped- body 238 
and a downwardly projecting stem 240 which may 
engage the bottom of the chamber 200 to limit 



8 



15 



EP 0 301 169 A1 



16 



downward movement of the valve. A peg 242 in- 
tegral with the inside of the boss 236 engages in a 
slot 244 in the sleeve 234. The shape of the slot 
244 can be seen in figs. 18 to 21. 

Figs. 18 to 21 show the positions which the 
valve 232 assumes during operation of the appara- 
tus. In Fig. 18, the valve is shown in the same 
position as in Fig. 16 and in this Figure it can be 
seen that the valve is in its uppermost position 
which is such that an O-ring 246 is compressed 
between the body 238 of the valve and the lower 
end surface of the boss 236 to form a gas tight 
seal. In this position, the peg 242 is located in the 
lowermost portion of the slot 244. As already stat- 
ed, the valve 232 assumes the position shown in 
Figs. 16 and 18 when the chamber 200 is pres- 
surised with carbon dioxide. After completion of a 
carbonation operation, when the chamber 200 is 
depressurised, the weight of water on the valve 232 
causes it to move downwardly from the position 
shown in Fig. 18 to that shown in Fig. 19 in which a 
horizontal abutment 248 provided in the wall of the 
slot 244 rests on the peg 242 and thus prevents 
further downward movement of the valve 232. In 
the position shown in Fig. 19, the valve is still 
closed so that water is prevented from entering the 
chamber 200 from the reservoir 202 (although it 
should be understood that a small amount of leak- 
age may arise). The valve may be opened by 
rotating it about a vertical axis from the position 
shown in Fig. 19 to that shown in Fig. 20 in which 
the abutment surface 248 is clear of the peg 242. 
This rotation is achieved by causing the rotor 224 
to be momentarily rotated so that a portion 228a of 
one of the vanes 228 engages a further peg 248 
projecting from the side of the disk shaped body 
238. This engagement is shown in Fig. 20. After 
the valve 232 has been rotated to the position 
shown in Fig. 20, it may fall further under the 
weight of water until the stem 240 engages the 
bottom of the chamber 200 as shown in Fig. 21 . In 
this position, the slot 244 and further slots 250 in 
the sleeve 234 are located below the boss 236 so 
that water may flow into the chamber 200 through 
these slots. 

As the water approaches the level W, the valve 
232 is caused to float upwardly until it returns to 
the position shown in Fig. 20 at which time the 
water supply is again cut off. Thereafter, carbon 
dioxide under pressure is introduced ' into the 
chamber 200 and the valve 232 is forced back to 
the position shown in Fig. 18. During its movement 
from the position shown In Fig. 20 to that shown in 
Fig. 18, an inclined surface 252 in the slot 244 
engages the peg 242, thereby causing the valve 
232 to rotate so that the peg 242 is again located 
in the lowest part of the slot 244 which, as shown 
in Fig. 1 8, is below the abutment surface 248. 



The valve arrangement 208 is novel and is 
shown in more detail in Fig. 22. It comprises a 
body 252 having a cap arrangement 254 which is 
secured by conventional means (not shown) such 
5 as screw threads to the carbon dioxide bottle 206. 
A conventional means (not shown) is provided to 
enable the valve arrangement 208 to be connected 
to the bottle 206 to put the interior of the bottle 206 
into communication with the valve arrangement 208 
10 without significant loss of carbon dioxide gas when 
the connection is made. 

The body 252 contains a passage 255 which 
communicates via a valve 258 with the interior of 
the bottle 206. The gas supply pipe 210 is con- 
is nected to the passage 256 so that when the valve 
258 is opened carbon dioxide gas from the bottle 
206 may be supplied to the carbonation chamber 
200. The passage 256 is also connected via a 
passage 260 and a pipe 262 to a pressure sensing 
20 chamber 264 one wall of which is constituted by a 
diaphragm 266. A solenoid 268 has its coil 274 
secured to a rod 270 of which the lower end 
engages the upper surface of the diaphragm 266 
and which is biassed downwardly by a compres- 
25 sion spring 272. The armature (not shown) of the 
solenoid 268 is connected by a rod 276 to one end 
278 of a lever 280. The opposite end of the lever 
280 is connected by a pivot 282 to a stem 284 of a 
valve 286 which is located in the body 260 to place 
30 the gas pipes 210 and 222 in communication with 
each other when open. The valve 258 has a stem 
288 which abuts the lever 280 at a position inter- 
mediate it ends. A pressure sensitive 'switch, con- 
stituted by electrical contacts 290 diagrammatically 
as shown in Fig. 22, is provided so as to give an 
electrical signal in response to the pressure in the 
chambers 264 reaching a value which is sufficiently 
high to raise the diaphragm 266. 

The valve arrangement 208 is such that when 
40 the solenoid 268 is energized, the rod 276 is drawn 
downwardly to cause the lever 280 to pivot about 
the pivot 282 thereby opening the valve 258 to 
permit carbon dioxide gas to be supplied to trie 
carbonation chamber. The strength of the spring 
45 272 is such as to ensure that when the solenoid is 
energized the rod 276 is drawn downwardly rather 
than the rod 270 being drawn upwardly against the 
force of the spring 272. The pressure in the car- 
bonation chamber 200 is sensed by the diaphragm 
so 266 and when this pressure has reached a level 
sufficient for the carbonation operation to begin, for 
example 100 psig (6.8 bars), the diaphragm 266 is 
raised. Also the pressure sensitive switch 290 
opens to give a signal indicating that the required 
55 pressure level has been reached. The upward 
movement of the diaphragm 266 raises the whole 
of the solenoid 268 so that the lever 280 is pivoted 
upwardly about the pivot 282 and the valve 258 
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closes under the action of the gas pressure in the 
bottle 206 and the force of the stem 288 against 
the lever 280 holds the valve 286 in its closed 
position. The carbonation operation may now begin 
and, as carbon dioxide is absorbed into the water 
in the carbonation chamber 200, the pressure in 
the chamber 200 will decrease to some extent, 
permitting the diaphragm 266 to move downwardly 
so that the valve 258 is again opened. A balanced 
condition will be reached at which the valve 258 is 
just sufficiently open to maintain the required pres- 
sure in the carbonation chamber 200 during the 
carbonation operation. 

After carbonation has been completed, the so- 
lenoid 268 is de-energized. Thereafter, the pres- 
sure in the carbonation chamber 200, the gas sup- 
ply pipe 210 and the passage 256 is sufficient to 
open the valve 286 so as to pressurize the con- 
centrate supply containers 214, 216, 218. A pres- 
sure relief valve (not shown) limits the pressure in 
the containers 214, 216 and 218 to about 2 psig 
(0.1 bars). Valve 286 acts as a non-return valve 
ensuring pressure in the containers 214, 216 and 
218 is not lost when the chamber 200 is emptied. 

The valve arrangement 208 is particularly sim- 
ple and economic to construct and therefore ad- 
vantageous, particularly as only single solenoid is 
needed. 

As with the previously described embodiments, 
carbonation is achieved in the embodiment under 
description by causing the rotor 224 to be driven 
so that the vanes or blades 228 move continuously 
and repeatedly between the water in the chamber 
200 and the carbon dioxide atmosphere which is 
formed above the water so as to drive carbon 
dioxide from the atmosphere down into the water. 
Actuation of the motor 230 to start the carbonation 
operation is achieved in response to the signals 
from the pressure sensitive switch 290. 

Discharge of carbonated water from the car- 
bonation chamber 200 and selection of the desired 
concentration from the containers 214, 216 and 218 
is achieved by the valve 212 which is shown in 
more detail in Figs. 23 to 25. 

The valve 212 comprises a housing 300 which 
is secured to the underside of the carbonation 
chamber 200 and includes a sleeve 302 in which a 
cylindrical valve member 304 is mounted for verti- 
cal sliding movement. A valve head 306 is secured 
to the top of the cylindrical valve member 304 and 
engages the inside surface of the bottom of the 
chamber 200 when in the closed position to pre- 
vent discharge of water from the chamber 200. this 
position being shown in Fig. 24. As shown in Fig. 
25, the valve member 304 may be raised to its 
open position in which water may be discharged 
from the chamber 200 by passing through ap- 
ertures 308 and then downwardly through the inte- 



rior of the cylindrical valve member 304, exiting via 
the open bottom end of member 304. 

An actuating lever 31 0 is pivotable as shown in 
Fig. 25 for raising the valve member 304 to the 
s open position. The lever 310 is located in position 
by a spindle 312 projecting downwardly from the 
valve head 306 through an aperture 314 in the 
lever 310. The aperture 314 is sufficiently large 
relative to the spindle 312 to permit the pivoting 
w movement of the lever 310. An inner arcuate wall 
316 provided in the housing 300 acts as fulcrum for 
the pivoting movement of the lever 310, this pivot- 
ing movement being achieved by the operator 
pressing down on the outer end portion 310a of the 
rs lever 310. The lever 310 is rotatable in a horizontal 
plane about the spindle 312 and can be pivoted to 
the position shown in Fig. 25 at any one of three 
positions defined by recesses 318 provided in an 
outer arcuate wall 320 of the housing 300, the outer 
20 arcuate wall 320 preventing the pivotal movement 
of the lever shown in Fig. 25 unless it is in register 
with one of the recesses 318. Stability is provided 
to the lever 310 by upwardly and downwardly di- 
rected arcuate projections 313 and 315 which re- 
25 spectively engage the outer surface of the sleeve 
302 and the inner surface of the arcuate wall 316. 

When the lever 310 is in one of the positions 
defined by the recesses 318, its inner end 31 0b 
engages a respective one of three concentrate 
30 selector valves 322 so that when the lever 310 is 
pivoted as shown in Fig. 25, the corresponding 
selector valve 322 is opened against a correspond- 
ing spring 324 to permit the corresponding con- 
centrate to flow into the interior of the housing 300 
35 via the corresponding conduit 220 and a corre- 
sponding boss 236 associated with the valve 322 
for mixing with the carbonated water, the con- 
centrate and the carbonated water falling from the 
valve arrangement 212 into an appropriate vessel 
40 such as a glass 215 (Fig. 15). The concentrate 
selector and valve arrangement illustrated in Figs. 
22 to 25 is particularly simple and inexpensive to 
manufacture and has the advantage that the car- 
bonated water tends to wash the valves 322 and 
45 their surroundings so that an undesirable build up 
of stale concentrate may be avoided. 

The embodiment under discussion includes a 
simplified control arrangement which will be de- 
scribed with reference to Figs. 26 and 27. The 
so control arrangement comprises a control circuit 400 
having as inputs a start button 402. a stop button 
404 and the pressure switch 290. The control cir- 
cuit 400 has four outputs connected respectively to » 
the solenoid 268, the motor 230. an indication lamp 
55 406 mounted on the exterior of the apparatus and a 
low pressure indicator 408 also mounted on the 
exterior of the apparatus. 

As can be seen from Fig. 25, when the start 
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button 402 is pressed, the motor 230 is momentar- 
ily energized to cause the rotor 224 to rotate so 
that the vane portion 228a engages the peg 248 to 
open the valve 232 and permit water to enter the 
carbonation chamber 200. The apparatus is con- 
structed so that water flows into the carbonation 
chamber at a rate which is such that it reaches the - 
required level W by the end of a five second 
period, this period being timed by the control cir- 
cuit 400. At the end of this period, the control 
circuit 400 supplies a signal which causes the 
solenoid 268 to be turned on to supply carbon 
dioxide to the carbonation. chamber via the valve 
258. After a short period, the carbonation chamber 
reaches the required pressure and in response to 
.this a signal is supplied by the pressure switch 290 
to the control circuit 400 which turns the motor 230 
on to begin the carbonation operation. If the re- 
quired pressure is not reached within a predeter- 
mined time, the control circuit activates the low 
pressure indicator 408. The carbonation operation 
can continue for a maximum period of five seconds 
which period is timed by the control circuit 400 and 
begins with the signal from the pressure switch 
290. The apparatus is arranged so that the maxi- 
mum desired degree of carbonation is achieved by 
the end of the five second period. If, however, the 
user desires a lower level of carbonation, he can 
terminate the carbonation operation at any time by 
pressing the stop button. To assist the operator in 
determining when to stop the carbonation opera- 
tion, when he desires a lower level of carbonation, 
the control circuit 400 causes the indication lamp 
406 to flash at intervals during the five second 
period in which: carbonation is taking place. Thus, 
by counting the number ol flashes, the user will 
have an idea of the level of carbonation achieved. 
Fig. 27 illustrates an operation in which carbonation 
was determined after two flashes of the indication 
lamp. After the end of the five second carbonation 
period, the circuit 400 turns the indication lamp on 
for a period to indicate that carbonation is com- 
plete. When the carbonation operation stops, either 
in response to actuation of the stop button 404 or 
in response to completion of the five second car- 
bonation period, the circuit 400 de-energizes the 
solenoid 268 and motor 230. The concentrate con- 
tainers are then pressurized as previously de- 
scribed and the operator may rotate the lever 310 
to the position required to select the concentrate 
which he wishes to use and then depresses the 
lever to discharge the carbonated water -and the 
selected concentrate. Of course, if desired, a fur- 
ther recess 318 may be provided in the arcuate 
wall 320 to permit the operator to discharge car- 
bonated water without any concentrate. 

Thus, it will be appreciated that the embodi- 
ment described with reference to Figs. 15 to 27 is 



rather simpler than the earlier described embodi- 
ment and may be manufactured more economical- 
ly. The various numerical data given in connection 
with the earlier embodiment for speed of rotation of 
s the rotor, gas pressures, etc., may be all applied to 
the embodiment of Figs. 15 to 27. 



Claims 

10 

1. Carbonation apparatus comprising a car- 
bonation chamber (1 0; 200) for containing water to 
be carbonated, means (14; 206) for supplying car- 
bon dioxide thereto at super-atmospheric pressure, 

is said carbon dioxide being for carbonating said wa- 
ter, means (18; 21 2) for discharging the carbonated 
water from the chamber, and concentrate supply 
means (16; 214,216,218) for supplying concentrate 
to be mixed with the carbonated water externally of 

20 the chamber (10; 200) characterised by selectively 
operable coupling means (V3: 286) through which 
carbon dioxide may be supplied to the concentrate 
supply means (16; 214,216,218) from the carbona- 
tion chamber (10; 200) for effecting the supply of 

25 concentrate, said selectively operable coupling 
means (V3; 286) permitting said concentrate supply 
means (16; 214, 216, 218) to be isolated from said 
carbonation chamber (10; 200) during carbonation 
of the water but to be connected thereto following 

30 carbonation so that supply of concentrate may be 
effected utilizing carbon dioxide remaining in said 
chamber (10:200) after completion of the carbona- 
tion operation. 

2. Apparatus according to claim 1 , characteris- 
35 ed in that said concentrate supply means (16; 

214,216,218) is arranged, to be pressurised by said 
carbon dioxide remaining in said chamber (10; 200) 
to supply said concentrate. 

3. Apparatus according to claim 2, characteris- 
40 ed by pressure relief means (66) for causing the 

pressure applied to the concentrate supply means 
(16; 214.216,218) to be lower than the pressure in 
the carbonation chamber (10; 200) at completion of 
carbonation. 

45 4. Apparatus according to any preceding claim, 

characterised by cycle control means (100; 400) 
operable to perform a control sequence in which a 
carbonation operation is performed and the con- 
centrate supply means (16; 214.216,218) is isolated 

50 from the carbonation chamber (10; 200) during the 
carbonation operation and is connected thereto via 
the coupling means (V3; 286) after completion of 
the carbonation operation. 

5. Apparatus according to any preceding claim 

55 characterised by water supply means (12; 202) for 
supplying water to be carbonated to said chamber 
(10; 200). 
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6. Apparatus according to any preceding claim, 
characterised in that the capacity of the chamber 
(10; 200) is adapted for containing an amount of 
water suitable for forming a single drink. 

7. Apparatus according to claim 6, characteris- 5 
ed in that the capacity of the chamber (10; 200) is 
adapted for containing up to about 8 fluid ounces 
(about 1 litre) of water. 

8. Apparatus according to claim 6 or 7 as 
dependent upon claim 5, characterised by means io 
(100; 232) to control the water supply means (12; 
202) to supply said amount of water automatically 

to said chamber (10; 200). 

9. A method of carbonating water in which a 
carbonation chamber is partly filled with water and rs 
an atmosphere comprising carbon dioxide is pro- 
vided above the level of water in the chamber, 
characterised by moving carbon dioxide in gaseous 
form from said atmosphere down into water. 

10. Carbonating apparatus comprising a car- 20 
bonation chamber (10; 200), means (12,100; 
202,400) for partially filling said chamber with wa- 
ter, and means (14,100; 206,400) for providing an 
atmosphere comprising carbon dioxide above the 
water in the chamber, characterised by means (32; ss 
224) for moving carbon dioxide in gaseous form 
from said atmosphere down into said water to 
carbonate the water. 

11. Carbonation apparatus comprising a car- 
bonation chamber (10; 200), means (12,100; 30 
202,400) for supplying a predetermined quantity of 
water to said chamber, means (1 4,1 00; 206,400) for 
supplying carbon dioxide thereto for carbonating 

said water at superatmospheric pressure, means 
(100,V3; 400,288) for depressurising said chamber 35 
after carbonation of said water, and means (18; 
212) for discharging the carbonated water from the 
chamber, the apparatus including concentrate sup- 
ply means (46; 214) for supplying concentrate to 
be mixed with the carbonated water externally of « 
the chamber and means (64; 222) for pressurising 
the concentrate supply means with carbon dioxide, 
for effecting supply of concentrate, characterised in 
that the pressurising means (64; 222) is connected 
to the chamber (10; 200) so as to utilise gas 45 
remaining in said chamber after completion of the 
carbonation operation. 
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